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INTEGRATION O F  COAL-BASED PIPELINE GAS 
AND POWER PRODUCTION 

C. L. T s a r o s  

Insti tute of Gas  Technology 
3424 S. State  S t ree t  

Chicago, Illinois 6061 6 

The upgrading of the  energy in coal and other  foss i l  fuels  to  e lec t r ic  energy 
is a well-established technology. A fu ture  technology, now being developed, will  
be the conversion of solid fossi l  fuels,  such .as  coal and oil  shale,  to  fluid fuels.  
Eoth  pr ivate  and public funds have been and a r e  being spent  to  develop processes  
to make  such conversion pract ical .  This  paper  will  explore  the possibil i ty of 
integrating a projected pipeline gas  process .  with a conventional power plant. 

PIPELINE GAS FROM COAL 

The Insti tute of Gas  Technology has studied the conversion of coal to pipe- 
l ine g a s  fo r  many yea r s .  Our process  is the d i r ec t  hydrogenation of pre t rea ted  
coal to  produce a gaseous effluent, which is then upgraded to pipeline gas  quality. 
In ou r  process  about half of the coal is gasified,  using mos t  of the volatile mat-  
t e r  and leaving a spent  cha r  as the bas i s  fo r  hydrogen production. The  hydrogen- 
making step,  based on the spent  char ,  is the subject of a number of variations in  
making pipeline g a s  by coal  hydrogasification. 

A cu r ren t  process  concept, which will  be  studied in  a large pilot plant pro j -  
ec t  sponsored jointly by the Office of Coal Research  and the Amer ican  Gas  Asso-  
ciation, bases  hydrogen production on the electrothermal  s t eam gasification of 
char  i n  a fluidized bed. 
process  fea tures  of a commerc ia l  plant based on this p rocess  (1). A hydrogen 
s t r e a m  as such  is not used. Instead, raw, hot synthesis  g a s  containing 48% hydro- 
gen and 37% carbon monoxide is fed to  the hydrogasifier. The use  of synthesis 
gas  direct ly  is technically feasible  and saves  money by eliminating the carbon 
monoxide conversion and carbon dioxide removal  s teps  necessa ry  to make  a high- 
purity hydrogen s t r eam.  About 44% of the hydrogasifier spent  cha r  is fed to the 
e lec t ro thermal  gas i f ie r  where i t  is gasif ied with s team,  hea t  being provided by 
electricity.  About 52 % of the spent  cha r  is sold as by-product fuel.  
e lectrothermal  gas i f ie r  has  been studied in  a pilot plant at Iowa State  University 
and will be developed on a l a r g e r  sca le  a t  ET. 

Figure  1 shows a simplified flow d iagram of the major  

The  fluidized 

Table 1 presents  a n  economic summary  of a mine mouth pipel ine-gas-from- 
Economic studies,  ca r r i ed  out as pa r t  of the OCR-A.G.A. development coal plant. 

If the IGT hydrogasification process ,  a r e  based on the manufacture  of 250 billion 
Btulday of pipeline g a s  heating value. In this design a total  of 17,790 tons/day of 
coal is required,  and the total investment is 
million Btu ($4.00/ton), the 20-year average  g a s  p r i ce  is est imated a t  51.1 h /  
million Btii of product g a s  heating value. 
represented by purchased power a t  3 mil ls /kWhr.  
modern  power plant Of the  800-MW level,  a 90% load fac tor  for  the gas  plants, and 
a 16.1 d/million Btu fuel. A charge  of 1 mill is worth 3.4d/million Btu pipeline gas .  

$93,245,000. With coal a t  16.1d/ 

Approximately 20% of the gas  pr ice  is 
This  cos t  is based on a nearby 

Table  2 gives f igures  f o r  the pipeline gas  plant on the overal l  conversion 
of i n p u t  thermal  energy to product heating values. 
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Tab le  1. ECONOhlIC SUMMARY FOR PIPELINE CAS PLANT THAT 
PERFORMS HY DROGASIFICATION O F  COAL USING SYNTHESIS GAS 

? c o  v 1 n? uL. I - r - . .  n ~ 7  
L.J" A I" U L U I U C I Y ,  , J ,  

p i a d .  -. P -  - 
Total Investment $93,245,000 

Coal Required 17,790 tons /day 

By-product C h a r  

Operating Cos ts ,  $ / Y e a r  

U L L  u a a  

4 1 60 tons /day 

Coal, a t  16.16/106 Btu 

E lec t r i c  Power a t  3 mi l l s /kWhr  a t  
P r o c e s s  Voltage 
Other Operating Expenses 

Tota l  Operating Expense 

By-product C redi t  

Cha r  and  P re t r ea tmen t  F ines  5,398,000 

Sulfur 1,632,000 

7,030,000 

Net Operating Expense 

Return Dlus Fede ra l  Income Tax,  
LO-yr Average 

2 3,377,000 

8,410,000 

13,636,000 

45,423,000 

(7,030,000) 

38,393,000 

4,867,000 

43,260,000 

20 -y r  Average P r i c e  of Gas - 51.ld/1O6 Btu 

Table 2. PIPELINE GAS PLANT CONVERSION EFFICIENCY 

In. lo6  B tu /h r  

Coal 18,369 

Electr ic i ty  1,162 

Total 19,531 

Overall  Eff, d 75.6 

Coal 18,369 

Fuel  for 2,910 
Elec t r ic  Power  
a t  40% Eff 

Total 21,279 

Overall  Eff, 4 69.5 

Out, lo6 Btu/hr  

P roduc t  Gas 10,776 

By-product  C h a r  4,006 

14,782 

14,782 
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If the input e lec t r ic  energy to the gas i f ie r  is included, the overa l l  efficiency 
lor  the gas  plant is 75.6%. However, if the fuel energy required to produce the 
c lcc t r ic i ty  a t  40% efficiency is  counted as an  input, the overa l l  fuel conversion 
efficiency drops to 69.5%. Power  requirements  f o r  the pipeline gas  plant a r e  
summar izcd  in Table 3 .  

Table 3. PLPELINE GAS PLANT POWER SUMMARY 

k W  
Electrothermal  Gas i f ie rs ,  Pu rchased  P o w e r  340,120 

E lec t r i c  Motors, Pu rchased  P o w e r  15,340 

Steam Turbine Drives  Powered by Heat Recovery . 47,330 
Steam 

Total  Power  402,790 

, The e lec t ro thermal  gas i f ie r  consumes 84% of the total plant power,  of which 
8 6 %  is purchased. 
dr iven  by s t eam generated f r o m  waste heat that  otherwise would be re jec ted  to 
cooling water.  

Of the total motive power,  76% is supplied by s t e a m  turbines 

Table 4 summar izes  the heat recovery plus p rocess  cooling f o r  a pipeline 
The table shows the amounts and t empera tu re  levels of heat requi re -  

Heat going to cooling water  could be used to  prehea t  the feed- 

gas  plant. 
ments  and where t h e r e  might be possibil i t ies of energy interchange with a n  ad ja-  
cent power plant. 
water  f o r  the power plant turbine in the low-temperature  p a r t  of the cycle. 
Instead of using it to generate  low-temperature  steam, the 870 mill ion B tu /h r  
of hydrogasifier eff1uent.h cooling-from 750" to 280"F, could be used to heat the 
turbine feedwater a t  the higher temperature .  The requi red  regenera t ion  s team,  
796,000 lb /h r ,  could then b e  extracted f r o m  the power plant turbine a t  100 psia, 
thus saving the heat going to cooling water.  

ELECTRIC POWER GENERATION 

Integrated power production and industrial  operation has  been previously 
suggested. A recent paper  p re sen t s  a genera l  discussion of the var ious  aspec ts  
of th i s  question (3). The  p resen t  paper  d i scusses  the potential f o r  integration of 
pipeline g a s  plants and power plants. 
specific c a s e  and is designed to show the advantages of joint operation. M'e have 
not es t imated all the economic effects no r  optimized the conditions fo r  joint pipe- 
line gas  and power production ve r sus  s e p a r r t e  operation. 
calculations of the effect of energy interchange on the power plant cycle. 

This prqsentation is a n  initial look a t  a 

However, we made 

F igure  2 shows a simplified drawing of a typical modern  power plant cycle. 
The efficiency of such a cycle f o r  a given boiler efficiency is  ra i sed  by decreasing 
the hea t  going to cooling wa te r  per kWhr of energy generated.  
by the cxpanslon of mos t  of the steam to a ve ry  low p r e s s u r e ,  1 -2  in. Hg, followed 
by condensation. 
t empera tu re  of the feedwater to the  500"-550"F level. 
be used i n  a typical sys t em,  with progress ive ly  higher extraction s t eam and feed- 
water  temperatures .  
sys t em because,  although the ex t rac ted  s t e a m  does not expand to the lowest p r e s -  
s u r e ,  the heat that  would otherwise go to  cooling water  1s recovered to heat the 
boiler feedwater.  

This  i s  accomplished 

Intermediate extraction of s t eam f r o m  the turblne r a i se s  the 
Eight feedwater heaters may 

This  sys t em produces a higher efficiency than a r,onextraction 
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Methods to  rapidly de te rmine  the improvement  in heat r a t e  resulting f r o m  
> 

t 

feedwater heating have been published (2). 
of 3000 Psig a t  1000°F. with expansion to 2 in. Hg, the nonextraction input to 
s team heat a t  100% turbine efficiency i s  7730 Btu/kWhr. With a n  average  turbine 
efficiency of 87 % and a boiler efficiency of 90%, the overal l  heat r a t e  will be 9870 
Btu/kWhr and ove ra l l  efficiency will be 34.6%. However, with extraction feed- 
water heating to 500°F (F igu re  2). the heat r a t e  is reduced to about 8500 Btu/kWhr, 
corresponding to  the 40 % overal l  efficiency typical of modern  power plants. 

Thus, f o r  init ial  s t eam conditions 

v ’  

JOINT PIPELINE GAS AND ELECTRIC POWER GENERATION 
I 

If all o r  most  of the turbine feedwater prehea t  can be obtained f r o m  waste 
heat in a n  adjacent pipeline gas  plant, then the s t e a m  that  would otherwise be ex- 
t racted can be expanded to the lowest p re s su re ,  1-2 in. Hg. with a n  increase in 
power output p e r  Btu of boiler input to the s t e a m  cycle. ’ 

,- 

I 

I 

, 

Calculations have been made  f o r  two such  cases ,  with the resultant heat 
r a t e s  based on the above boiler and turbine efficiencies. In the f i r s t  case,  F igu re  
3, the turbine feedwater abso rbs  low-temperature heat f r o m  methanation reactors ,  
the regenera t ion  tower s t eam condenser, and waste heat that otherwise would be 
used to genera te  low-pres su re  regeneration s t eam fo r  hot carbonate scrubbing 
units. The requi red  low-pres su re  s t e a m  is then obtained by extraction f rom the 
power plant turbine a t  100 psia. Waste heat recovered  in  the gas  plant to genera te  
s t eam f o r  individual turbine d r ives  is not used  to prehea t  the feedwater fo r  the 
l a r g e  power plant in  this case. To complete the preheating of this feedwater to 
500°F. some extraction i s  necessary .  

The  power cycle a s sumed  f o r  these calculations is the expansion of 3000 
psig, 1000°F s t e a m  to 700 psia followed by reheating to  1000°F.‘ Part of the 700- 
psia s t e a m  i s  used fo r  the heating p r i o r  to reheat.  Except for the extraction of 
796.000 l b / h r  s team,  as noted above, at 100 psia f o r  use  in  the g a s  plant, mos t  of 
the s t eam then expands to  2 in. Hg. 
with this system is 43.0%; the heat rate is  7940 Btu/kWhr. 

The  overal l  efficiency fo r  the power plant 

If no turbine s t eam is genera ted  in  the pilot plant, this hea t  can then be  used 
to r a i s e  the power plant turbine feedwater to approximately 500°F.  In the scheme 
shown in F igure  4, t he re  is no extraction f o r  feedwater preheat,  but 100-psia s team 
i s  again extracted f o r  u se  in the  gas  plant. At t hese  conditions, the overall  effici- 
ency i s  46.7% and the hea t  r a t e  is 7310 Btu/kWhr. However, in  the second case,  
402.800 kW must  be sen t  to the gas  plant compared to 355.460 kW when pa r t  of the 
motive power is provided by individual s t eam turbines in the gas  plant. In a n  inte- 
gra ted  operation the re  may be  capital  cost  advantages in having all the power gen- 
erated in a very  l a r g e  unit because of economies of scale.  However. t he re  would 
be a charge for  the added 47,330 kW s e n t  to the gas  plant, which reduces the effect 
of savings in the capital  and fuel components of power cost .  The exact cost  would 
have to  be derived f r o m  the total operation as  influenced by the improvements 
resulting f rom the integration of gas -e l ec t r i c  operation. 

ADVANTAGES OF INTEGRATED OPERATION 

The  effect Of integrated operation is to increase the overal l  efficiency of coal 
conversion to pipeline g a s  plus electricity f o r  s a l e  f rom 64.8% f o r  s epa ra t e  opera- 
tion to 66.5% fo r  joint operation. 

\ 

\ 

A single cooling-water facility could be used for  both gas  and electr ic  plants. 
Superheating of the p rocess  s t e a m  f o r  the g a s  plant (31 4 million Btu/hr)  can be 
c a r r i e d  out m o r e  economically in the power plant boiler (6 billion Btu /hr  level) 
a s  an  incremental  i nc rease  in  the superhea ter  section than a s  a separately f i red 
superheater .  Cooling-water requirements f o r  the gas plant a r e  great ly  reduced. 
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r h i s ,  plus t h e  economies of sca le ,  can save  s e v e r a l  million dol la rs  in offsite 
costs.  

Since the gas plant opera tes  on a 90% annual s t r e a m  fac tor ,  the load factor 
f o r  the power plant will be  improved ove r  the more  typical 60% industry average. 
This  improvement, plus the improved fuel economy, could reduce power cos ts  on 
the o r d e r  of 1 mill /kWhr.  
Table  1 is the high load f ac to r  result ing f rom joint operation. 

P a r t  of the bas i s  f o r  the 3-mill  power cost used in 

Spent cha r  f r o m  the gas  plant can be used  as fuel f o r  the power plant. k 
high-sulfur coal, a l iabil i ty in power generation, can  be a n  a s s e t  in hydrogasifica- 
tion. During hydrogasification. mos t  of the sulfur is converted t o  X i s ,  f r ~ m  which 
the sulfur can be recovered  and sold as a by-product. 
des i  n used a s  a bas is  for this study, a 4.4% sulfur coal yields a char  containing 
1.7 3 sulfur.  To  inc rease  the production of char ,  the percentage conversion during 
hydrogasification can be decreased ,  raising the  coal throughput fo r  constant gas 
production. 
that obtained f rom the synthesis gas ,  which, in turn, gives a lowered gas  price.  
The degree  of coal conversion to gas  would have to be optimized in relation to the 
g a s  -e lec t r ic  operations.  

In the  pipeline gas plant 

More hydrogen can then b e  obtained f r o m  the toal, which reduces 

Not only the deg ree  of conversion, but the s i zes  of the gas  and the power 
plants would need to  be  optimized. A combination gas  -e lec t r ic  utility interested 
in  a pipel ine-gas-from-coal  plant would a l so  find the study of integrated operation 
of in te res t .  

Integrated gas -e l ec t r i c  operations would involve regulated industries,  with . 
s i m i l a r  ra tes  of return.  
operation, where the  differing r a t e s  of r e tu rn  and depreciation cause more com- 
plicated cost allocation. 

This  is not t rue ,  however, f o r  joint power plant-industrial 

As a re su l t  of potential savings in  gas  plant investment  and power charges, 
i t  appea r s  that the p r i ce  of gas  can be reduced by seve ra l  cen t s  p e r  million Btu 
compared to completely s e p a r a t e  operation. 

In summary ,  the following advantages a r e  possible f o r  an  integrated opera- 
tion: 

1. 
2. 

Increased power plant efficiency and load fac tor .  

Reduction of investment  fo r  the pipeline gas  plant through economies of scale 
by combining facil i t ies fo r  power generation, s t eam superheat,  and cooling- 
water  facil i t ies with those of the power p l an t .  

3 .  Lowered pipeline gas  p r i ce .  

4.  Product ion of low-sulfur  power plant fuel as a by-product of the pipeline gas 
plant, thus reducing air pollution problems when high-sulfur coal is used. 
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Figure 2 .  SIMPLIFIED FLOW DIAGRAXI OF CONVENTIONAL POWER P L A N T  
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Figure  3 .  POWER PLANT CYCLE FOR JOINT OPERATION WITH 
PIPELINE GAS PLANT WASTE HEAT STEAM USED FOR 
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Figure  4.  POWER PLANT CYCLE FOR JOINT OPERATION WITH 
PIPELINE GAS PLANT ' 
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